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Abstract
This study assessed the floristic diversity and carbon storage capacity of four major urban green spaces in Yamoussoukro using 26 plots of 400 m² and allometric equations for biomass estimation. A total of 24 woody species belonging to 22 genera and 13 families were recorded, with introduced species representing 77% of individuals. Carbon stocks ranged from 35.1 to 130 t/ha, with the highest values associated with sites containing larger basal areas and mature trees. The findings demonstrate that vegetation structure and species composition-rather than green-space size-are the primary determinants of carbon sequestration in the city. These results underscore the importance of informed species selection and structural management to optimize the climate-regulating functions of urban green spaces. 
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1. Introduction
Climate change has become a major global challenge, raising increasing concern worldwide (IPCC, 2006). Among human activities, deforestation contributes significantly to this phenomenon by releasing large amounts of carbon into the atmosphere (Jones & Brown, 2018). Between 2010 and 2020, CO₂ emissions from tropical deforestation accounted for approximately 5-10% of annual global anthropogenic emissions (Harris et al., 2021). The reduction of vegetative cover also disrupts hydrological cycles and biodiversity (Miller, 2015), underscoring the importance of halting deforestation to mitigate global warming (Johnson & Lee, 2017).
In expanding urban areas, the effects of climate warming are particularly evident, notably through heat islands, rising temperatures, and more frequent extreme weather events (IPCC, 2003). In this context, green spaces play a crucial role by contributing to biodiversity conservation, regulating the urban climate, and providing multiple ecosystem services (McPherson et al., 1994). However, rapid urbanization often leads to vegetation degradation and the reduction of essential ecosystem services that ensure urban well-being (Oura, 2013). Urban expansion thus drives the disappearance of native species and alters the capacity of ecosystems to regulate the climate (Alberti, 2010). Within this framework, carbon sequestration by urban green spaces emerges as a strategic mechanism for mitigating greenhouse gas emissions. Cities, as major sources of CO₂ emissions, must incorporate sustainable management strategies to strengthen their environmental resilience (Tyler & Moench, 2012). Like other Ivorian cities, Yamoussoukro the political and administrative capital has a significant heritage of green spaces. Nevertheless, the carbon stock potential of these areas remains poorly studied. Existing research has mainly focused on floristic diversity (Kouassi et al., 2019; Nomel et al., 2021), leaving a knowledge gap regarding carbon sequestration in public green spaces. The overall objective of this study is to assess the carbon stock capacity of Yamoussoukro’s green spaces. Specifically, the study aims (1) to analyze the diversity of plant species and (2) to estimate the amount of carbon sequestered by the city’s major green spaces. The formulated hypothesis posits that carbon sequestration capacity is spatially heterogeneous and primarily depends on the quality of the vegetation cover.

2. Materials and methods
[bookmark: _Toc204768471][bookmark: _Toc204768607][bookmark: _Toc207438487]2.1. Study area
The city of Yamoussoukro, the political and administrative capital of Côte d’Ivoire, is located in the center of the country, between 6°45’ and 6°85’ N latitude and 5°20’ and 5°32’ W longitude (Figure 1). This “green city,” due to its large number of public and private green spaces, covers an area of approximately 9,300 ha (Nomel et al., 2021). Within this urban landscape, forests and green spaces occur in various forms: tree alignments structuring the streets, preserved natural reserves, spontaneously vegetated areas, and private gardens (Yao et al., 2024). Yamoussoukro has experienced significant demographic growth, with a young and heterogeneous population exceeding 370,000 inhabitants (RGPH, 2021).
[bookmark: _Toc204768502][bookmark: _Toc204768636][bookmark: _Toc207438508]2.2. Data collection
[bookmark: _Toc207438509]2.2.1. Site selection
[bookmark: _Toc204768503][bookmark: _Toc204768637]Yamoussoukro has ten (10) public green spaces distributed across the city, covering a total area of approximately 250 ha (Yao et al., 2024). For this study, four (4) sites were selected based on their size and accessibility to ensure representativeness. The main sites included: Guiglo forest (105 ha), Study and Rest trees 3 (40 ha), Hotel president trees (25 ha), and Eucalyptus trees (20 ha), which together account for over 76% of the total area of public green spaces in the city.

2.2.2. Floristic data
For the collection of floristic data in the main green spaces of Yamoussoukro, two complementary inventory methods were combined: plot surveys and wandering (transect) inventories (Ibrahima et al., 2023). This approach allows for an optimized floristic list of the study area. 400 m² plots (20 m × 20 m) were established in the different green spaces of the city (Figure 2). Within each plot, all woody species (trees and shrubs) with a diameter at breast height (DBH) ≥ 10 cm were recorded. The height and diameter of each individual tree were determined and their geographical coordinates recorded. These two dendrometric parameters were measured using a dendrometer and a tape measure, respectively. A total of 25 plots (4 plots in the woods of the President Hotel and the Eucalyptus woods, 8 plots in the study and Rest area 3, and 10 plots in the Guiglo forest) were set up in the main green spaces relative to the size of the site. In parallel, a wandering inventory was conducted outside the plots to record species not observed within them. Plant species that could not be identified in the field were collected and dried to prepare herbarium specimens, which were the identified using the UJLoG Herbarium and the reference works of Aké-Assi (1984, 2001, 2002).

Plant species that could not be identified in the field were collected and dried to, which were then identified using the UJLoG Herbarium and the reference works of Aké-Assi (1984, 2001, 2002).
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Figure 2 : Floristic data collection design
(A : collection design ; B et C : Establishment of Plots)

[bookmark: _Toc204768506][bookmark: _Toc204768640][bookmark: _Toc207438512]2.3. Data analysis and processing
[bookmark: _Toc204768508][bookmark: _Toc204768642][bookmark: _Toc207438513]2.3.1. Species richness 
[bookmark: _Toc204768510]Species richness was evaluated using the method proposed by Aké-Assi (1984). This approach records all species present at a site, regardless of their abundance, and allows for the estimation of the number of genera and families represented. For each plot, a floristic list was compiled, and the species richness of each site was determined.

2.3.2. Floristic composition
[bookmark: _Toc204768511][bookmark: _Toc204768644][bookmark: _Toc207438515]2.3.3. Biological and morphological types
The classification used to characterize the biological and morphological types of the inventoried species is based on the works of Raunkiaer (1934) and Aké-Assi (2001, 2002). In this study, the biological types considered include: megaphanerophytes (MP), corresponding to large trees exceeding 30 m in height; mesophanerophytes (mP), medium-sized trees between 10 and 30 m; and microphanerophytes (mp), shrubs ranging from 4 to 10 m.
2.3.4. Chorological affinities
Chorological affinity refers to the phytogeographical distribution of plant species according to their ecological preferences (Kouamé et al., 1998). In this study, species were classified into four categories: Guineo-Congolian species (GC), Sudanian-Zambezian species (SZ), species shared by both the Guineo-Congolian and Sudanian-Zambezian regions (GC-SZ), and exotic or introduced species (i), all of which were considered in our analysis.
2.3.5. Structural diversity
The structural diversity of vegetation was assessed based on density and basal area.
Density (D) is defined as the number of individuals per unit area and reflects the occupancy of the land by species. It is expressed in stems per hectare (Stem/ha). This parameter was calculated for each site using the following formula: 
D =     (1)
N is the number of recorded stems, and S is the total area expressed in hectares.

Basal area (G), also called basal surface (A), represents the cross-sectional area of tree trunks per hectare of a stand, measured at 1.30 m above the ground (Adingra, 2017). According to N’Da et al. (2008), it corresponds to the sum of the cross-sectional areas of all woody species present in the area. The formula used to calculate it is as follows:
G =       (2)
d is the diameter (m) of the stem, and Π = 3.14. The basal area is expressed in m²/ha.

2.4. Determination of carbon stock in green spaces
2.4.1. Estimation of carbon sequestered by plants
The carbon stock of the study sites was estimated from field measurements, following IPCC guidelines (2003). This approach involves estimating biomass (aboveground, belowground, and total), converting it to carbon using a specific fraction, and then converting it to carbon dioxide (CO₂) by multiplying the result by the conversion factor of 3.67.

2.4.2. Estimation of Aboveground Biomass
Aboveground biomass (AGB) per unit area was calculated using allometric equations specific to woody species in tropical regions. In this study, the model proposed by Chave et al. (2014) was used, which is recognized for its reliability in estimating tropical forest biomass (Djaouga, 2021).

AGB =              (3)
AGB represents the aboveground biomass (in kg), ρ denotes the wood density (in g/cm³), D corresponds to the diameter at breast height (DBH, in cm), and H is the height (in m).
Species-specific wood densities were obtained from tropical tree wood density databases (Reyes et al., 1992). For species with unknown density, a default value of 0.58 g/cm³, recommended for African tropical forests, was used (Chave, 2006). Due to their unique morphology, oil palms, rônier palms, and coconut trees require specific allometric equations that differ from those used for other tree species. (Hairiah et al., 2010). In this study, the allometric equation used for these species was the one recommended by Nomel et al. (2021) and Osseni et al. (2022).
                   (4)
with H representing the height (in m).

For cashew trees, the biomass was determined using the allometric equation applied by Biah (2017):
         (5)
with D representing the diameter at breast height (DBH, in cm).
2.4.3. Estimation of Belowground Biomass

The root or belowground biomass (BGB) of all species was estimated using the equation recommended by the IPCC (2003). To obtain the belowground biomass, AGB (aboveground biomass) is multiplied by a root-to-shoot ratio (R) of 0.24 (IPCC, 2006).
 
 (6)
[bookmark: _Toc204768520][bookmark: _Toc204768652]with BGB in Kg.

2.4.4. Estimation of total Biomass
Total biomass (TB), expressed in kg, is obtained by summing the aboveground and belowground biomass (Gomez, 2022).
 
(7)
2.4.5. Estimation of total Carbon stored in vegetation
The total amount of carbon stored in vegetation was estimated using the conversion factor recommended by the IPCC (2003), which assumes that dry biomass contains on average 50% carbon. Thus, the conversion factor of 0.5 was applied. The total carbon (TC) was calculated using the following formula:
 (8)
                                      TC is the carbon content (kg)
2.4.6. Statistical analysis
Carbon stocks were analyzed using a one-way analysis of variance (ANOVA). To compare means pairwise and identify significant differences, the Tukey post-hoc test was applied. The critical threshold α for significance was coded as follows: not significant = NS, p > 0.05; significant = * p = 0.05; ** p = 0.01; *** p = 0.001. All statistical analyses were performed using R software version 4.0.4.

[bookmark: _Hlk212421583]3. Results
3.1. Diversity of floristic species in major green spaces
3.1.1. Floristic diversity
The woody flora of the main green spaces in Yamoussoukro comprises 24 species, distributed across 22 genera and 13 families (Table 1). The number of species per site ranges from 1 to 16, with the highest species richness observed in Guiglo forest (FG). The lowest numbers of species were recorded in Study and Rest trees 3 (BER3) and Eucalyptus trees (BE). Statistical analysis revealed a significant difference between two groups: the first group includes Hotel president trees (BHP) and Guiglo forest, while the second group comprises Study and Rest trees 3 and Eucalyptus trees.
Three main biological types were identified across the study area: megaphanerophytes (MP), mesophanerophytes (mP), and microphanerophytes (mp), representing 23%, 63%, and 14% of individuals, respectively (Table 1). All biological types are present in Hotel president trees and Guiglo forest, whereas in Eucalyptus trees and Study and Rest trees 3, only mesophanerophytes are present (100%).
Regarding chorological affinities, three main categories were identified: savanna-forest transition species (GC-SZ), introduced species (i), and Guineo-Congolian species (GC). Introduced species dominate the flora, representing 77% of individuals, while GC-SZ and GC species represent 11% and 12%, respectively. All three chorological affinities are present in Hotel president trees and Guiglo forest, whereas Eucalyptus trees and Study and Rest trees 3 contain only introduced species (100%) (Table 1).

Table 1 : Floristic species diversity across the different sites 
	Diversity parameters

	BHP 
	BER3 
	BE 


	FG 


	Total




	Species diversity
	Species
	12
	1
	1
	16
	24

	
	Genera
	11
	1
	1
	14
	22

	
	Families
	8
	1
	1
	11
	13

	
	Species richness
mean± standard deviation
	5±1,04a
	0,5±0,02b
	0,5±0,02b
	3,3 ±1,6a
	2,32 ±
0,67

	Species biology
	mp 
	22
	0
	0
	40
	14 %

	
	MP 
	38
	0
	0
	17
	23 %

	
	mP 
	40
	100
	100
	43
	63 %

	
	 GC
	16
	0
	0
	30
	12 %

	Species chorology
	 GC-SZ
	15
	0
	0
	20
	11 %

	
	 i
	69
	100
	100
	50
	77 %


[bookmark: _Toc204768543][bookmark: _Toc204768665][bookmark: _Toc207438540]GC = Guineo-Congolian species; GC-SZ = Species endemic to the transition zone between Guineo-Congolian and Sudanian-Zambezian regions; i = Introduced or exotic species; mp = microphanerophyte; mP = mesophanerophyte; MP = megaphanerophyte; Study sites: BHP = Hotel president trees; BER3 = Study and Rest trees 3; BE = Eucalyptus trees; FG = Guiglo forest
[bookmark: _Toc206850195][bookmark: _Toc206851431]3.1.2. Structural diversity
The dendrometric parameters of species recorded in the main green spaces of Yamoussoukro-height, density, basal area, and mean diameter-showed average values of 33.38 m, 20.18 stems/ha, 286 m²/ha, and 13.35 cm, respectively (Table 2). Data analysis revealed significant differences among the four study sites.
Hotel president trees stand out with the highest values, with a mean height of 44.02 ± 12.11 m and a mean diameter of 25.09 ± 9.5 cm. In contrast, Study and Rest trees 3 exhibits the lowest values, with a mean height of 21.3 ± 12.3 m and a mean diameter of 20.04 ± 13.4 cm (Table 2).
The mean stand density is highest in Eucalyptus trees (293.75 stems/ha), while Study and Rest trees 3 has the lowest density (282.25 stems/ha). Howether, statistical analysis, shows that these differences in density are not significant (p > 0.05).
Regarding basal area, Hotel president trees record the highest value (22.75 m²/ha), whereas Study and Rest trees 3 has the lowest (6.04 m²/ha). As with density, differences in mean basal area between sites are not statistically significant (p > 0.05).

Table 2: Mean values and standard deviation of height, diameter, and stand density
	parameters
	Hotel president trees
	Study and Rest trees 3
	Eucalyptus trees 
	Guiglo forest  
	Mean

	Mean height (m)
	44,02 ± 12,11a
	21,3±12,3a
	34,68±17,44a
	33,53±13,01a   33,38

	Mean diameter (cm)
	25,09 ± 9,5a
	20,04±13,4a
	19,82±11,22a
	15,76±4,32a
	   20,18

	Mean density (Tiges/ha)
	285,50±16,23a
	282,25±11,21a
	293,75±12,23a
	282,50±14a
	286±13,44

	Mean basal area (m²/ha)
	22,75±4,3a
	6,04±1,02a
	13,13±3,1a
	11,49±2,4a
	13,35±2,7


[bookmark: _Toc204768547][bookmark: _Toc204768667]Values sharing the same superscript letter in the same column are not statistically different at the 5% significance level.
[bookmark: _Toc204768549][bookmark: _Toc204768669]
[bookmark: _Toc204768550][bookmark: _Toc204768670]3.2. Carbon stock in the main green spaces
3.2.1. Variation of Carbon stock according to green space size
The amount of carbon stored in the main green spaces of Yamoussoukro ranges from 35.1 to 130 t/ha, with the highest value recorded in Hotel president trees (Table 3). Analyses also show significant differences between sites, with an average variation of 6.78 ± 2.19 t of carbon sequestered per site.

Table 3: Mean Carbon Stock by Site
	Sites
	Area (ha)
	carbon (t/ha) ±standard deviation

	Hotel president trees
	25
	130a ± 158

	Study and Rest trees 3
	40
	35,1b ± 26,4

	Eucalyptus trees
	20
	85,4a ± 87,7

	Guiglo forest  
	105
	93,3a ± 143


Values with different superscript letters within the same column are statistically different at the 5% level.
3.2.2. Variation of carbon stock according to floristic composition
Mesophanerophytes exhibit the highest average carbon stock, with 199 ± 47.34 t/ha, followed by microphanerophytes with 12.31 ± 4.21 t/ha, and megaphanerophytes with 3.4 ± 1.34 t/ha. The overall mean carbon stock across all sites is 85.95 ± 23.78 t/ha. Statistical analysis reveals a significant difference between mesophanerophytes and the other two biological types (Table 4).
Furthermore, average carbon also varies according to the chorological affinities of species. Introduced species (i) have an average stock of 200.23 ± 82.4 t/ha, while Guineo-Congolian–Sudanian-Zambezian transition species (GC-SZ) show 10 ± 4.4 t/ha, and Guineo-Congolian species (GC) have 3.51 ± 1.76 t/ha. Statistical comparison indicates that the carbon stored by introduced species is significantly higher than that of the other two chorological groups.

Table 4: Mean Carbon Stock by Floristic Composition 
	Parameters
	Mean carbon (t/ha) ± standard deviation

	Chorological affinities
	GC
	3,51a ±1,76

	
	GC-SZ
	10a ±4,4

	
	i
	200,23b ±82,4

	Biology types
	MP
	3,4a±1,34

	
	mP
	199b±47,34

	
	mp
	12,3a ±4,21


Values with different superscript letters within the same column are statistically different at the 5% level.

4. Discussion

4.1. Diversity of flora in major green spaces
The study conducted in the four main green spaces of Yamoussoukro identified 24 plant species belonging to 22 genera and 13 families, indicatinga relatively low floristic diversity in these large public green spaces. This limited diversity is partly due to the monospecific nature of two sites (Study and Rest trees 3 and Eucalyptus trees), whereas Guiglo forest and Hotel president trees exhibit more varied diversity. It may also reflect a lack of awareness among municipal authorities responsible for site management regarding the ecosystem goods and services provided by urban green spaces with high floristic richness. In this context, species selection, whether native or introduced, is primarily driven by aesthetic and recreational considerations (Yapo et al., 2020).
Compared to other studies in the sub-region, floristic richness in Yamoussoukro is similar to that reported in Beninese cities such as Cotonou (43 species), Abomey-Calavi (49 species), and Allada (41 species) (Sehoun, 2021). However, it remains lower than in Lomé, Togo, where 93 species across 47 families were identified (Polorigni et al., 2014). This difference may be explained by the criterion used in this study, which included only woody individuals with a diameter at breast height (DBH) ≥ 10 cm, reducing the number of individuals sampled per site.
Chorological analysis showed that introduced species dominate the floristic composition of the four green spaces, representing 77% of species. This reflects local authorities’ priorities for aesthetic appeal and shade provision, with species such as Eucalyptus camaldulensis, Delonix regia, and Hildegardia barteri for their ornamental value and Gmelina arborea and Tectona grandis chosen for rapid growth and shade provision.
Dendrometric measurements indicate that the average height, density, basal area, and mean diameter of trees in Yamoussoukro’s green spaces are 33.38 m, 20.18 stems/ha, 286 m²/ha, and 13.35 cm, respectively. These values confirm the importance of these sites as recreational and leisure spaces for the population. According to Dunnett et al. (2004), introduced or exotic species are particularly well-suited for such purposes due to their aesthetic qualities, disease resistance, and rapid growth.  

4.2. Carbon stock in major green spaces
Analyses revealed significant differences in mean carbon stock among the four parks studied. The highest value was observed in Hotel president trees (130 ± 158 t/ha, 25 ha), while Guiglo forest (105 ha) had a mean stock of 93.3 ± 143 t/ha. These results indicate that the size of a green space is not the main determinant of its carbon sequestration capacity.
Other factors, such as floristic composition and vegetation structure (density, basal area, mean diameter, etc.), play a key role in carbon storage (Gibbs et al., 2007; Chave et al., 2014). Hotel president trees stand out due to their large basal area (22.75 ± 4.3 m²/ha) and the presence of mature trees with large diameters (25.09 ± 9.5 cm). These findings are consistent with Nomel et al. (2021), who showed that the presence of large-diameter trees in Yamoussoukro’s private gardens is a major factor in carbon sequestration, and with Nowak et al. (2013) who emphasized the critical role of large urban trees in urban carbon storage.
 Chorological affinities and biological types of species are also important determinants of carbon stock. Fast-growing introduced species have a very high average stock (200.23 ± 82.4 t/ha), whereas Guineo-Congolian (GC) and Guineo-Congolian-Sudanian-Zambezian (GC-SZ) species have lower values. This difference may result from the superior adaptation of introduced species to local conditions, allowing optimal growth and thus higher carbon sequestration (Diatta et al., 2016). Therefore, the carbon sequestration capacity of Yamoussoukro’s public urban green spaces depends more on floristic composition, stand structure, and species biological characteristics than on the size of the green space itself.

5. Conclusion
This study highlights the importance of urban green spaces in mitigating global warming by estimating their carbon stock to improve their storage capacity. Inventories conducted in the four main parks and public gardens Guiglo fores, Study and Rest trees 3, Hotel president trees, and Eucalyptus trees, covering a total of 205 ha recorded 24 species across 22 genera and 13 families, dominated by introduced species (77%).
The study demonstrated that Yamoussoukro’s green spaces have a significant carbon storage capacity, with mean values reaching 85.95 ± 23.78 t/ha. However, this capacity varies considerably among sites, depending not only on area but especially on vegetation structure (density, basal area, diameter, and height of trees) and floristic composition. Mesophanerophytes and introduced species contribute most to carbon storage, highlighting the importance of species selection in urban planning projects.
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